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A~acmL 'The essstene of a sh~ed epttope bec= the h osoesa of the raaoc
roo-n lfakkefruzm rlAa better known as the kesbolimpet. and sdtistosoctula has
been reported Tbiscp;rope has been sheown to be a cu)"c imm--oeer, in hua- ntion.
In this stuady. Iteyhe limpet bemcyin (Kill was used to nicastne antilodics. ecng-
ntrisg the cross~reactiang cpepme to sera Eons patients wtth acute and chronic schistoso-
ensasis mictan estzycr-hnked intnsn.,orb~ct assay (EiSA). Marke difaereces. t= 11
=nd It3d antibnd response were noted betweten acutely and chrnically infcted patients

at a reciprocal setrum dilution of up to. 2.860. The acttte sets had a mean = SD OD_..._
s'sites for I10 and ISM. of I. A 0-14 and 1.3.4 = 0.6 compared to ntean =SD 110 and
ISM absorbanice foe the chronic sets of 0.22 =0. 10 and 0.22 = 0.11I respecti d) Setunz
out lowestpositieebnliit at >2 SD abow he menoftecluxinscsema 28 ofthe 30 patients
prmsb dosod as ha ving ase htstoso siso.erecorectyidentfied by their 110
and IM response. Of 5 patents sttudied longitudinally. 110 persiste at the same leads
10-13 weeks after trMItoseL 1j&M leds CI.on the Othter htand. showed a tcsadenq to deerrase
btut rensained abosec the estblished ct-toff leadl. This study peosides futrther aidercc foe
the associationof sclisoos slunattfac ct todtc attbody 'ith acuteinfectio and
demnsttrates the abiltq of a simple non-mmpcttt~v ELISA tusing osierottter plates coated
waith mitnute quantities of KLII to diflerentiate serologically betwveen Cases, Of acute and
chronie schistosotsiasis.

An indtsidsalls primary exposure to schssto- nilican diffecrence tn the speciftcities of anti-
sonie rnfectst frcseqtly resutlts tn acute, to%- schistosonantum surface 110 betweeno tndtaidu-
enue scinstosomnats, a syttdfrose dc, doping 4- ats witth acute and chronic tnfectiotts It us
10 weeks after inlbetton and cbaractertne by found that theM, > 200 kDa antigen, the fin.
fevr. prostratton. diarrhea, and cosinophilta rtpat tatget of carbohydrate anttbodt on the
These symsptoms tend to occutr to the early stages schistosomulum surface. cotributed 40% of the
of the infeetton. when paraste burdens arc lossI "'llabled surfacetmolecules prcitptatd by an-
and stool examtnations to detect osa may be tibodtes front acute patients, but. only 13% of the
uneliable. These synmptoms generally subside as surface ooltes prentpitated by antibodies from
thetinfection becomes chronic.eaen -sthous spe. chrontc patients In addrtrcn. selrrstosomnlum

fie treatrment. Little progress has been made to surface bindtngassays using pooled st ra re~vald
the deseloptoent of early serolopeal screening that 80% of the antt-surtaot, I10 to an acute sW-
for acute schitosomtasis. Numerous antrgen rum pool %s specific for sodium mesapenodare
preparattons have been evaluated and partially sensittse carboh)drate pstopes. The leselofan-
Successful attempts to disttngutsh betwseen ttbody agatnst such cpjtopes to a chrontc scrum
ehrsnrc and acute schsstosomass on the basis pool. horesr. sass belows the assay t1-rOn
ofspeetficl, \ls iters and immuoglobulriratios limits A possiblecxplanatron ts that the htgh
hate been reported;' All descetbe tedious and lesel of surface earboh)drateantbody represents
time-consurmingmethods of preparation for the an earl) aots-schtstosc response associated
atigens used to these assays. swith acute infectton. and that the lesel of serum

Imtnunopreespttatton and surface btnding as- anttbody declines dramattcally as the infectton
sys using set from Egypttan pattents infeted becomes chronic

swith Sdrtrosons mzason hate resealed a smn. t o test thts hypothesis. and to soscitingate the
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nlnea ste~e, eanbnht= antibody as a diag- trols
nouSie lest for the early detectiona ofa~ aese his-
1-oetatsw haeineukacmpnoso EUSA
aente and chroni schisosomxasis patients by
EL'SA mingeaoe52nrn of the keyhbolelimpet Astzndztd nscJ-SAsapplusngS

(Mhaueemala~astetaeguantien~e A i of ecMh FeaVML Pci -rente 96-el flat-bot-
hole limp"t hebcaam (KiLH) sms selected be- to=n oiceot plates, tILitho. Plow Laborato-
exuse is shares a xecl defned. protective earbo- rims. IY Nejca. vA) eused. Each -sel -as
hydrate epnopte sith the =nface of S. flunnron coated overnight at rorn temperarture uith so
schistosornnla The wue of thtis reateat avoids ag ofKLH (SigmnaChernical Co- SL Loitis.mo)
the neesty of purification of spedii Stttfaee in 50 l OA5St MCarbonate bullir pH 9.6. This

tlycocce:jngates from the parasite and facilitates amount of antigetn sal; empirically dete'itemd
a simpl assay Iroe specific vnefxc carbohtydrate by checkrboard titration uisng porsitveand net-
antibody withotti the need for mnoconal cap- alive seta to be the tmintimumr amount required
tltre onsopetition. The availability and stabil- to yied opstimal coloreformation. Each ptatessas
ity of KLH %=Wul allorw for the firs: tdo the then %ashed 3 times sith phosphate hollered
itttoduction of an extremcly simple and cheap salie.pH 7.6.oown imagOO%Tvee 20(PBS-
diagnostic test foreactt schistomasis. Tween). Next. 50 rl of 12 seri 1:2 dtlutions of

each sesrm (begitttitng with 1:2 dilution) %we
added and the plates stce itithated for 2 hr at

U4TRLU AN MEHOD twrn temperatue.ecrum n anatte blanks.

somasis whbo %=t priotsly evaluated at the peeoxidase conjugate diltuted 1:2.500 itt PBS-
-feveeofusknoo~tuorigit ward of the US. Xa- Tween (Kirkegaard and Perty Laboratories. Inc_.

val Nldceal Research Unit No. 3 in the Abbaisua Gihrbr I)ue:addt ahl
Fever Hospital. Cairn. EX)pt. All urne town res- tee 2 hr. the conjtugate -aos retnoved and the plates
idinus %who had been exposed briefly for the first wceesnshed 3 times %ith PIIS-Twree. Each welt
time to infected Nile uatee. Eggs of S. otonsern received 50 A

1 
peeossdase substrate solution con-

wer eventually foind in all patients. althoughs sisting of O-phen5 lenedmmtne tablets dissohsed
repeated stool examinattions or rectal snip was tn diluent bufer (Abbott Laboratories. North
required .o find the eggs in some eases. The pa- Chiceago. IL) immediately before use.
tients were 5-19 years old and had had fevers of The plates were incubatcd %ith substrate for
3-S useeks duration. They also had dtatrhea 5-IS mtn at room temperature and the reaction
palpable. tender livers, and eosinophilia of 17- was stopped isith 25 ju

1 
2.5 hI sulfuric acid

65%. Patients; %=r treated with orazqsantcl (60- The color developed in the plate was rend at
75 mg/kg of body weight divided into 3 doses OD.. .. using an ELISA reader (Titeutek M ut.
given in I day). Fotlo-up serum somples uere tiskan. Flo. Laboratories. Inc.. McLean. VA)
obtained from 5 of these patients 10-13 iveks
later. Immusoprecripitation

An additional 30Osera sveatso obtained from
patients suuth chronic schistosomis who had Three hour schistosomulawere surface labeled
had uell-doeumentod aetiseinfections forat least with 12I using the lodogen method 10 The sot-
3 yearu They were at1 excreting S. osansoni eggs ubilizcd surfare antigens wecre immunoprecip-
in their stools and were: 8-25 years of age. tatled. resolved by sodium dodee~l sulfate-paty-

Since fasioliasis and schistosoestasis orn- acrylamide gel clectrophoresis(SDS-PAGE) and
monly coexist in Egypt. sera from 12 patients identified by autoradiography. Rabbit KLII an-
with proen Fascrolagigantica infection but free tibody was raised in a sondylop rabbit by in-
ofscltitosomtassweatsoinduded in thestudy. jectingim with 100pg KLII incomplete Fresind's
In addition, sets wrec obtained from 10 healthy adjuvant. boosting I week later with a similar
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Mr X1OF

>200- Aca, 2-' n .
Chrninc 4.1 4,$ ~

To in% sip e preneofhuan anbody
to the carboh drain cpitope shared with KLH.
Sera pooled fronm Egyptian patients with either
acute or chronie sehisosorivs were reab-
sorbed with KLH and their resdsua* s-hisaosom-

38- ulum suethcebindingcompatc Aitn unabsorbed
sera (Table 1). Preabsoepsion w~ith KLHi resulted

a_ i a 20% reduction in the surface binding of the
acute ermpool. but no detectable reduction tn
the bindingof the chronic serum pooL. Absorp-
tion seas also conducted writh a schistosome egg
homogenate for comparison. This resulted in an

A,80% reduction in the hindtng of the acute pool
17- but, again. no reduction in the binding of the

chromic pool. These results are consistent wth
the egatope shared by the schistosomulum sur-
face and RKid representing 25% ofthe eggcross-
reactise carbohydrate epitopes on the schislo-
somulnm surfaceithat are recognized bytheautc

FIGuRE I lMMsUoyrci,,niation of "'I serum pool
shisiulum .ufac. aeurs with (a) rbbit KLII
aiuody and (h) normal mahit serun m . shown Preliminary eaperimets were conducted to
areof the antigenspeerputad eXamine ihe possibility of ustng the ELISA tech.

nique to detect antibodies to KLII in the sera of
injection, and boosting again 4 weeks later with schistosomiasi patients and control sabjects
the same amount of antigen in incomplete Figure 2 summanzes the results of initial e. per-
Freund's adjuvant. Serum antibody binding to imenus in which pooled sera from patients wxith
schistosomula surface was done byacompetitis acute or chronic schistosomiatis, patients with
binding radinimmunoassay at a serum dilation fasctoliasis. and hiealth,, subjects were tested by
ofl:10 usngisl1-fabeled protein Aas described $the ELISA methed for the presence of ISG and

1gM% antibodies to KLI-. At all dilutions above
RESULTS 140, the mean absorbanceat 490 nM oftliracute

schistosomiaSIS group was much higher than the
Immunoprecipitation of 121 schistosomulum mean ahsorbanceof the other 3groups Since the

Surface antigens with antibodies raised against titer of antibody against KLI I in the acute serum
KLI- in rabbits demonstrated that the antigens poolswas found to beextremely high (> 1/20.400)
with a M, 17, 38. and >200 kDa expres the a serum dilution of 1.2.560 svas then taken as
cross-rcactive epitope (Fig. 1) Althese antigens the titer at wshiih absorbance values at 490 am
hwi.e previously been shownt to enprtSS ratbo- were compaed in all subsestuent experiments
hydrate epinpes.1 I- Antigens which base been By thecritena given above. ELISA absorbance
fi und to express only non-carbohydrateecpitupes obtained from individual sera of patients in the
stch as those with aM, 32 and 20 kDa were not different groupswerr compared for their lgG and
immnunoprecipitated lot titers as presented in Figure 3 With the
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The ~ ~ ~ ~ ~ Saisia and)=tc~ analyse ofG thes data arew tieinge 8209 0-
senonof aiet in Tabe e2 Sn~ anit feecestwr Fsius aies uaeestos
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fon cntemean ELISA absorbance reain r th an = SD 0 14 <000 05±00
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laiwst2ophichdsignifi cantlyP< higThear PC xuD <001 <0001

eepto use te Iegatef the pionl anti- oup C..
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1- Figure 40 shows serum anri4CLH rZM arnd ISG
12 19G responses in 5 paients with acute schtstosomt-

asis for whom follow-up samples werce obtatned
to0 10413 weeks following clearanceeofthe poroite.

S08- ISMOD radininl5atinsshowed adef-
o istite tendency to decrease. althtought all values

0 6 remainted abose the cutoff value of posita
0 04- On the other hand, the IgG response of these

B patients showed practically no change at follow-
S02 -up.

00

16 gM DISCUSWO,

o tmmunization ofnaise LOU ratsrtth punfied
E t .4 KLH has been reported to cheat the production

0 12 ofspecsfieS ,nansoinianttbodiesesxhbiting both
to satro and in vt~o effector functtons towards

o I0 S. nansoin sehistosomula.' It was further dem-
o 0 8 -onstrated that sera cotlected from KLH immu-

nized rats contain anttbodtes able to immuno-
0 (- precipitate from a schistosomula extract a 38 000

04 - M, surfacre antigen gtycoprotein This antigen was
04 presiously reported to be a major immunogro

02 toi human tnfeetion. and induced production of
0 ____________ speesficantihsodies to 97% ofS mnoont tnfected

Before tO-13.oelts patteritsii
Treatment Fottowoing The experimental data futly support the esis-

Trectment tenre of a shared eptiope between KLII and
IFioux4 Serum ams-Wl ISMdaud IGe resposes scistesomutum surface anttgens and demon-

in 5 patients with acuites,uismas on prm~nt.- strate the presence of the shared epstolse on the
tiun and 10-43 okshlaer.aftercelarance of the par- M, 17 and >200 kDa antigens, as well as on the

M, 38 kDa antigen as previously reported ' An-
tibodies from an acute serum poot were shown

to Isid in significantly higlieramousits than those
KLH ELISA as a dtagnostic hit for acute schis- f-om a chrontc serum pool to the surface of schis-
tosoimasts Setting our lowest posittve limit at ,somuta KLIIcompetittvely reduced the acute
slighly >2 SD above the mean of the chromec serum binding by 20%. but had no effect on the
schistosorasis group, we established the mini, chronic serum binding. Thts tndicates thatat least
mom absotbance value requitred for a positive I of the epiopes recognized by acute serum 0n

acute schistosomasis diagnosis (lowest positive the schtstosomsutum surface ts shared with KLII
timit) An OD _.~. > 0 45 was then used as the and that there ts insufficient antibody to such
endpoint for the tter determitnatton at serum epitopes to the chronie serum to allow their de-
dilution of 1 2.560 tectio by this assay

Given these 2 criteria. 28/30 were correctly Based on this Bonding, experiments sere on-
scored as posiiiceacuve schistosomasis cases and dertahen to quantitate more precisely the lesel
2 %cre false negative by both I&G and 1gNI titers o1 KLH antibodies in individual sera from pa-
No false positise values ssere detected in the tients with scbistosormasts. and to examine the
chronic schtstosomasts group There was I false potential use of KLU) for the development of an
positive value in the fasctoliasis groupby the 1g1 immunoassay that can detect patients with acute
response. butotby the gGresponse All control S ,nansoni infection Initial experiments with
sera from the healthy subjects who, were never pooledt sera clearly demonstrated that all types
exposed to infection acre correctly identified as of sera. including that from normal subjects ap-
negatise parently tiad KLII antibodies at low serum di-
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Iotionm This titer dopped sharpl) in all the only indtviduals in this group to bae an IgOJ
pooled sera tested except that constrtcted from IgM ratio > I using a soluble egg antigen (data
acute schistosomiasis patients. where high con. not shown). All of the patients in the chronic
Cent-ations of KLH antibodies persisted c en at schistosomiasis group wre correctly detected.
a serum dilution of 1:20,400. This was true and only I of the ftscohasis patients showed
ubether IgG or IgM antibodies %ere assayed. some cross-reacivtty. These results clearly dens-

When individual serum assays were per- onstratc for the first time that differential anti-
formed at a dilution of = L:Z500. a highly sig- body rcsponses to KLH serologically dtfferen-
nificant difference between the lesels of KLH tiated between acute and chronic schistosome
antibdy in the sera oflpatients with acute schis- infections.
tosomiasis and patients with chronic schtstoso- Serological differences betwcen acute and
ma infection was found. This finding fully sup- chronic sl, tosomiasis ere reported by Nash
ports the results of immunoprecipitation a* 4 othem 11 " They found specific lgM and
experiments \.htch demonstrated that the M, ig. antibody toa polysarehande from the schis-
>200 kDa schlstosomulum surface antigen, a tosome gut to be highest in patients with acute
major target of schisrosomulum surface carbo- schistosoniasisand lowest in chronically infect-
h)drate antibodies, is precipitated at a signifi- ed patients These studies further demonstrated
cantly higher lesel by antibodies in the sera of that acutely infected patients had mostly IgM
acute patients than by antibodies from chronic spectficantibodies, hereas chronically exposed
patients. Thus the available evidence suggests patients had mostly IgG antibodies to a schis-
that schistosome surface carboh)drae antibody tosome specific carboh)drate-containing anti-
isanearlyresponsetoschstosomeinfectionthat gen " In our study, IgG and 1gM responses to
declines with time. KLII %ere comparable in all groups tested No

It has been showni by others that resistance to distinction could be made among the groups
reinfection with S mansom is age-related. ap- based on anti-KLH immunoglobulin ratio (IgG,
parently developing after some years of infec- IgM), as reported in other studies using different
tion.

14 
Thus It is unlikely that the patients di- antigens -'

agnosed as being acutely infected are resistant. Of the 30 patients in the acute schistosomiasis
although there may be resistant individuals group, only 5 gave follow-up sera 10-13 weeks
among the patients with chronic infection in- after treatment Analysis of the antibody titer of

eluded in this study, all of %hom had a docu- these sera revealed practically no change in the
monted history of infection of at least 3 )ars lgG response. IgM specific antibodies shooed a
Thus it is reasonable to speculate that although tendency to drop, but remained above the con-
carboh)drte antibodies can mediate protective trolct-olfflevel Obviously, more follow-up test-
immunity in rodent models." the) may not make mog ould be needed before it can be determined
a significant contribution to resistance to rein. whether this test can be used to measure the
fection in man. Indeed it has been proposed on efficacy of a specific drug treatment.
the basis of in vitro studies and the analysis of One major obstacle to the development of a
antibody levels in Kenyan children, that schis- suitable, simple immunodragostic procedure for
tosomulumsutfacecarboh)drateantbodes may the detection of patients with acute S ,nansoni
block other protective responses ' The work infection has been the lack of a specific antigen
presented here does not contradict this hypoth- which possesses both serologiral specificity (to
eas be recognized in patients in the early stages of

The difference in KLtI antibody levels in the the disease) and sufficient sensitivity (to differ-
sera of patients with acute and chronic schisto, intate between chronic and acute infections)
somiasis suggests the use of this glycoconjugate The results of this study suggest that purified
in a specific immunodiagnostic test for acute KLH preparation in an ELISA fulfills this cn-
schistosomiasis. Taking ODi._,, of 0 45 as the tcna KLl isbrologicallyactie, beinganantigen
cut-off point of positivity, all but 2 subjects in that sensitizes ammals for the production of S
the acute schistosomiasis group were correctly mansom antibodies with similar effector func-
identified, leaving only 2 false negative cases It tion to those induced during the course ofinfec-
is interestig to note that these 2 individuals, tron Thus the demonstration of circulating an-
though they could not be distiogi shed chnically tibodies to this antigen is probably relevant to
fromtheotheracutelyinfectedpatients.werethe the presence of an S mnnsom infection It is
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Th e existence of a shared epitope between the hemocyanin of the marine noulluok IYegathuta
crenulata. better known as the keyhole limpet. and schlstooula has been reported. This
epitope has been shown to be a major innonogen In human infection. In this study, keyhole
limpet hemocyanin (XLII) was used to measure antibodies recognizing the cross-reacting
epitepes iT& sera fron patients with acute and chronic schistoooniasis using an enzyne-
linked immunosorbent asnay (ELISA) Wrked difflerences in 190 and IgM antibody response
were noted between acutely and chronically Infected patients at a reciprocal serum
Idilution of up to 2,580. The acute sera bed a mean +SD 0flsonia values for IgO and IgM

ofer,0of 0.44 and 1.34 8.8 compared to mean !. SD 1gO and IgW ahsorbance for the chronic
8sr o 22 + 0.10 and 8.22 - 0.11 respectively. Setting our lowest positive limit at )2

SD above the mean of the chronic sera, 28 of the 38 patients previously diagnosed as
having acute schistosomiasis were correctly identified by their 1g0 and 1gW response.
Of 5 patients studied longitudinally, 1gG persisted at the same levels 10-13 weeks alter
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19. treatment. Igf levels, on the other hand. showed a tendency to decrease but remained
above tie established cut-off level. This study provides further evidence for the
association of schistosomulum surface carbohydrate antibody with acute infection and
deronstrites the ability of simple non-competitive ELISA using microtiter plates coated
with =t.u-e quantities of fLH to d:iffrentiate serologically between cases of acute and
chronic schistosoniasis.
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